INTRODUC TION e 9.0 magnitude Tohoku earthquake that struck o the coast of Japan on March 11, 2011, was the fourth largest earthquake in recorded history and the largest ever to hit a densely populated region (Bertero, 2011; Lekkas et al., 2011 ). e ensuing tsunami inundated an area of about 561 km 2 (Geospatial Information Authority, 2011), washing away an estimated 24.9 million tonnes of debris, including wood, sediments, plastics, industrial chemicals, and structural components (Oh, 2011) . Two weeks following the tsunami, the meltdown of the Fukushima Daiichi nuclear reactors released radioactive elements into the atmosphere and coastal waters.
Atmospheric deposition was found to be an important source of radioactivity in surface waters and may have contaminated the debris eld, although the extent of this contamination remains unknown (Buesseler et al., 2012; Honda et al., 2012) .
Here, we follow the debris eld along its predicted path from its source 
COASTAL JAPANESE WATERS
Chemical contaminants and debris were carried over Japan's narrow eastern continental shelf, home to a multibilliondollar shing industry (Johnson, 2011) (Kaeriyama et al., 2008; Hong et al., 2011) . A large amount of iodine-131, known to cause thyroid cancer in humans (Morita et al., 2010) (Buesseler et al., 2012) . Some of the radioactive elements were also released into the atmosphere, where they could have travelled signi cant distances before deposition (Honda et al., 2012 (Gadd, 1999; Heldal et al., 2001; Burger et al., 2006; Kaeriyama et al., 2008; Morita et al., 2010; Hong et al., 2011) . e radioactive signature of the Fukushima Daiichi disaster could persist locally for the life of the isotopes, as contaminated sediments are remobilized through physical processes, chemical changes, and biological activity (Fisher et al., 1991; Vives i Batlle, 2011) . into these waters by atmospheric transport and subsequent deposition. is process could explain the high levels of cesium-137 in samples gathered several hundred kilometers o shore of Japan (Buesseler et al., 2012) . Radionuclides in suspended solids and zooplankton were up to two orders of magnitude higher than background levels, demonstrating that bioaccumulation is already occurring (Honda et al., 2012) .
KUROSHIOOYASHIO E XTENSION
By May, debris of several types entered the KOE spawning grounds of many commercially important sheries. For example, the larvae of sardine (Sardinops melanostictus), saury (Cololabis saira), anchovy (Engraulis japonicus), and tuna ( unnus spp.) grow in the KOE as they are carried eastward (Zainuddin et al., 2006; Watanabe, 2009) . Larvae aggregate around oating mats of kelp, wood, or other debris (Fonteneau et al., 2000) , which could improve survival rates and provide a short-term boost in the vitality of depleted sheries. However, species aggregating around the debris may suffer a er ingesting-or through direct exposure to-leached chemicals. is situation may result in decreased egg development or hatch rate, disruption of metabolic and endocrine pathways, or death (Hardy et al., 1987; Oehlmann et al., 2009 ). Chemicals and small oating plastics typically concentrate within a microlayer at the air-sea interface (von Westernhagen et al., 1987; Mato et al., 2001) where the majority of buoyant eggs and larvae occur. As pollutantexposed larvae and juveniles are preyed upon, chemical concentrations may bioaccumulate and compound deleterious e ects (Ueno et al., 2003) . While this is already occurring at steadily increasing levels in marine systems, anomalous inputs like the debris eld can have a punctuating e ect. oating debris that is a natural attractor for some shes (Girard et al., 2004) .
NORTH PACIFIC CURRENT
FAD-based shing using purse seines catches younger individuals, in contrast to longline sets that primarily catch adults (Fonteneau et al., 2000) . Because the debris eld e ectively increases the number of FADs, focused shery e ort on them may result in over shing of juveniles, which may reduce the breeding stock.
As timber from ~ 400,000 destroyed buildings transits the Paci c Ocean, it will become water-logged and sink at varying rates, some landing on the seaoor within the NPC and some reaching the California Current (National Police
Agency of Japan Emergency Disaster
Countermeasures Headquarters, 2012).
As wood sinks, the potential habitat of wood-fall and opportunistic species may increase dramatically (Gooday, 2002) . Block et al. (2011) invaded ecosystem ( iel and Gutow, 2005) . e west coast of North America is recognized as the most invaded region on the continent, primarily in high-tra c ports such as San Francisco (Ruiz et al., 2000) , with the most invasive species previously originating from Indonesia (Ruiz et al., 2000; Williams and Smith, 2007) . e tsunami debris eld may be an unprecedented source of potentially invasive species to the CCS ecosystem, its $500 million shing industry (National Marine Fisheries Service, 2010), and its associated coastal and benthic habitats.
On the west coast of North America, large woody debris expelled from rivers has been the source of habitat for deepsea communities (Kiel and Goedert, 2006) . In the last century, however, this supply was greatly reduced by human enterprise, especially river damming, deforestation, and the harvest of oating timber (Dolo , 1993; Moulin and Piegay, 2004) . is ongoing "deep-sea deforestation" may be temporarily o set by the in ux of new-albeit chemically treated-woody habitat from the debris eld, thus increasing the biomass of some wood-fall associated species.
HAWAIIAN ISL ANDS
e increasingly fragmented debris is predicted to reach the shores of the Hawaiian archipelago four years a er the tsunami. Many migratory, endangered, and endemic species rely upon this island chain and will probably be threatened by the in ux of debris (Polovina et al., 2001 (Polovina et al., , 2008 ). e oating wreckage may still contain nonbiodegradable shing gear from Tohoku that could entangle, injure, and kill large numbers of marine mammals, seabirds, and coral reef communities (Donohue et al., 2001; Chiappone et al., 2005; Brown and Macfadyen, 2007) . e debris may prove to be disastrous for the endangered Hawaiian monk seal (Monachus schauinslandi), whose population is already decreasing by 4% annually (Baker et al., 2011; Lowry et al., 2011) . With the highest annual entanglement rate among all pinnipeds (Henderson, 2001) , this population will likely experience increased mortality caused by the lost shing gear.
Entanglement deaths of the endangered hawksbill turtle (Eretmochelys imbricata)
of the Northwest Hawaiian Islands have decreased from 20 to one or two annually due to bycatch mitigation (Donohue et al., 2001; Finkbeiner et al., 2011);  sadly, the debris may reverse this trend.
Plastics in the debris eld may be ingested by a variety of marine mammals and seabirds (Derraik, 2002) . Sea turtles (Carr, 1987) and Hawaiian albatrosses (Young et al., 2009 ) are especially prone to consuming degraded plastic debris that is mistaken for, or aggregated around, their natural prey. Albatross chicks fed plastic parts by their parents can die before ever going to sea; plastics can cause physical trauma and blockages in the digestive tract or reduce the urge to feed, leading to starvation (Young et al., 2009 ). where plastics and other oating debris accumulate and persist for decades (Venrick et al., 1973; Rios et al., 2010) .
NORTH PACIFIC GYRE
It is hypothesized that such material will eventually degrade and lose buoyancy due to biofouling by organisms and sediment (Barnes et al., 2009 ). However, the time frame of suspension in the water column remains unknown (Ye and Andrady, 1991 and also adsorb organic contaminants already present in seawater (Artham and Doble, 2009; Rios et al., 2010) .
Organisms that ingest plastics, or are associated with contaminated water, may be at risk from the deleterious e ects of these chemicals, causing, for example, disruption of endocrine, reproductive, and immune systems, and, potentially, neurobehavioral disorders and cancer (Jones and de Voogt, 1999) . While it is too soon to speculate on the impact of these contaminant pathways, these chemicals may persist in the marine environment and, under certain conditions, be transferred to marine organisms (Teuten et al., 2009 ). Consequently, directed e orts to remove debris around a ected islands or coastlines will likely be a worthwhile investment. Additionally, to avoid over shing of juvenile tunas and other shes associated with FADs, it is advisable to manage shing e ort in debris-a ected areas.
Although its journey makes for a memorable story, within decades, the debris will assimilate into the countless tons of garbage already accumulating in the central North Paci c. While this is an unprecedented in ux of debris, the widespread short-term e ects will only be a pulse in the rising levels of anthropogenic impacts to the ocean.
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